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Description

[0001 ] The present invention relates to catalytic olefin

polymerization and processes for the preparation of a

broad range of catalyst systems and a variety of poly-

olefin products.

BACKGROUND OF INVENTION

[0002] Commercial catalytic processes for the pro-

duction of polyotefins, such as polyethylene and poly-

propylene, have traditionally relied on the use of heter-

ogeneous, Ziegler-Natta catalyst systems. Typical cat-

alyst systems for polyethylene are exemplified by Chro-

mium compositions supported on silica and Titanium

compositions on MgCl2. Although the catalyst systems

are quite active and can produce high molecular weight

polymers, they tend to produce a broad molecular

weight distribution of a particular polyolefin and are poor

at incorporating alpha-olefins such as 1-butene, 1-hex-

ene and 1-octene. When making copolymers of ethyl-

ene, these catalysts typically produce resins of moder-

ately broad to very broad molecular weight distribution,

as characterized by MWD values greater than 6. Lack

ofa narrow molecularweight distribution in such catalyst

systems is believed due to the presense of more than

one type of catalytic site.

[0003] More recently, olefin polymerization catalyst

systems containing well defined reactive sites have

been developed. So-called "Single-site catalysts" allow

for the production of polymers with varied molecular

weights, narrow molecular weight distributions and the

ability to incorporate large amounts of comonomers.

Metallocene catalysts based on Group 3-6 metals of the

Periodic Table (lUPAC nomenclature) containing cy-

clopentadienyl groups and transition metal catalysts

based on Group 3-10 metals of the Periodic Table

(iUPAC nomenclature) containing bi- or tridentate lig-

ands are examples of these active single-site catalysts.

Such catalysts have been disclosed in U. S. Patent Nos.

5.064.802; 5.198.401 ; 5.324,800; 5,866,663 and publi-

cations WO 96/23010; WO 98/30612.

[0004] The mechanism of olefin polymerization using

the above mentioned catalysts has been the subject of

much study and is believed to involve generation of an

unsaturated, electron deficient metal species, which co-

ordinates olefins to form intennediate alkyi olefin com-

plexes, then subsequently undergoes rapid atkyi migra-

tion to afford a growing polymer chain. Olefin coordina-

tion followed by migration (insertion) continues until a

termination step occurs or the reaction Is stopped.

[0005] Several methods are currently employed to

generate and stabilize the unsaturated electron defi-

cient metal catalysts of such systems. The activation of

transition metal complexes to afford stabilized, unsatu-

rated transition metal catalysts for the polymerization of

olefins is a key pari of this mechanism. Several methods

are currently employed to generate and stabilize the un-

saturated, electron deficient metal catalysts of such sys-

tems and include halide abstraction, protonation fol-

lowed by reductive elimination, or oxidation. A key ele-

ment of the activation process is the stabilization of the

s resulting activated complex using non-coordinating or

weakly coordinating anions. For example, halide con-

taining transition metal complexes can be activated us-

ing methylalumoxane (MAO). MAO serves as both a

methylating agent and as a non-coordinating anion.

10 Other activating components of utility containing boron

Include silver tetraphenyl borate, triphenylcarbenium

tetrakis(pentafluorophenyl) borate. tri(pentafluorophe-

nyl) boron, N. N-dimethylanilinium tetra(pentafluoroph-

enyl) borate and sodium tetrakis[3. 5-bis(trifluorome-

15 thyl)-phenyil borate. Catalyst systems using such acti-

vators have been disclosed In U. S. Patent Nos.

4,808,561 ; 4,897,455; 4,921 ,825; 5,1 91 052; 5,1 98.401

;

5.387,568; 6,455,214; 5,461.017; 5,362,824;

5,498,582; 5,561,092; 5,861 ,352 and publications WO
20 91/09882; EP0206794B1; EP0507876B1; WO

95/15815; WO 95/23816; EP0563917B1;

EP0633272A1 ; EP0633272B1 ; EP0675907B1

;

JP96-1 13779; EP0677907B1; WO 98/55518; WO
00/04059.

25 [0008] The greatest utility of single-site catalyst sys-

tems to the polyolefin industry is realized when they are

used in gas phase and slurry phase reactors. Inorganic

materials such as silica, alumina and magnesium chlo-

ride cun'ently have the greatest utility as a support ma-
30 terial in the fonmulatlon of supported Zlegter-Natta poly-

olefin catalyst systems. The inorganic supports have al-

so been used with varying degrees of success in sup-

porting metallocene and other types of single-site metal

catalysts. A significant limitation of such supports, how-
35 ever, is the presence of surface hydroxy! groups, which

render the metallocene catalysts inactive. To overcome

this effect large quantities of MAO are used with varying

degrees of success and increased cost. Polymeric sup-

ports, such as cross-linked polystyrene (PS) have been
40 investigated as supports, since they contain no catalyst

deactivating or "poisoning" groups. Methods to chemi-

cally anchor metallocene and other single-site metal

catalysts to supports have also been developed. The
most common methods involve tethering the single-site

^5 metal catlyst through a substituent on the cyclopentadi-

enyl ring, through the boron atom of non-coordinating

borate activators, through a substituent on the bridge of

ansa-metallocene catalysts or through the heteroatom

in monocydopentadienyl complexes.

so [0007] Given the problems associated with broad mo-

lecular weight distributions of polyotefins produced us-

ing Ziegler-Natta catalysts, it Is desirable to develop a

composition incorporating such catalysts that provides

polyolefins having relatively nan-ow molecular weight

S5 distributions, comparable to production of the same
polyolefins obtained using more expensive and less uti-

lized singte-slte catalysts. A composition forthe produc-

tion of a range of polyolefins comprising a material that

2
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reacts with a variety of olefin potynrterization catalysts

forming and stabilizes or activates the catalysts, in ad-

dition to merely supporting the catalyst, is desirable.

There are no reports of a single material that can react

with many of the catalyst systems, generally known in

the art and used in the production of polyolefins. An ole-

fin-based material has been discovered that reacts with

a variety of olefin polymerization catalysts, forming a

composition for the production of a range of potyolefins,

that stabilizes or activates the catalysts in addition to

merely supporting the catalyst. The olefin-based mate-

rial has utility with commercial developed potyoiefin cat-

alyts, such as single-site catalysts and Ziegler-Natta

type catalysts. A general process for the production of

polyolefins using a matrix that comprises a broad range

of polyolefin catalyst systems, that provides unifomri dis-

persal of the catalyst, that stabilizes and activates the

catalyst in the process would, therefore, be of great util-

ity, global economic advantage and strategic value to

the commercial manufacture of polyolefins.

SUMMARY OF INVENTION

[0008] Accordingly, the present invention provides a

novel composition for olefin polymerization. An olefin-

based, catalytic matrix is disclosed, which can be use-

fully employed for olefin polymerization. In addition, the

matrix may comprise at least one type of activator com-

ponent ormay comprise a combination of catalytic com-

ponents. The matrix facilitates production of polyolefins

and affords polymer products having Improved morphol-

ogy, as the final polymer product is manufactured, in

shapes that mimick the shapes of the initial heterogen-

ized catalyst. A general process is disclosed for incor-

porating a range of Ziegler-Natta catalysts and single-

site catalysts within the nnatrix, which have utility in the

subsequent production of specific polyolefm products.

[0009] It has been discovered that materials contain-

ing a plurality of olefin groups react with a variety of ole-

fin polymerization catalysts fomning a catalytic matrix,

which can be usefully employed for the subsequent pro-

duction of polyolefins. The olefIn-based materials com-

prise organic and inorganic materials having covatently

bound olefin groups or inorganic/organte materials func-

tionalized with olefin groups. The organic materials are

in the form of solids or liquids and are based on poly-

meric materials. The olefin-based materials usefully em-

ployed forthe polymerization of olefins are macroporous

organic polymeric materials prepared by suspension,

preclpitive or emulsion polymerization. The number of

olefin groups, the pore size and surface area In the pol-

ymeric materials can be synthetically and morphologi-

cally controlled by judicious selection of polymerization

conditions. It has been further discovered that the poly-

meric materials and their resulting matrtoes can be pre-

pared in shapes which are useful In the production of

polyolefins. Altemativeiy, the olefin-based materials can

be coated onto substrates allowing .for the formation of

matrices useful for coating objects with polyoiefins. An-

other type of olefin-based materials usefully employed

for the polymerization of olefins are inorganic solids and

hybrid organte-lnorganic polymers, such as slloxanes,

5 that are chemically functionalized with olefin groups.

The olefin groups may be disposed on surfaces of the

materials ormay be dispersed throughout the materials.

[001 0] The catalytic component of the matrix usefully

employed in the present invention are Ziegler-Natta cat-

10 alysts and single-site catalysts.

[001 1 ] The Ziegler-Natta based catalysts usefully em-

ployed in accordance with the present invention are ex-

emplified by, but not limited to conventional Titanium (Ti/

Mg) and Chromium (Cr/Si02) based catalysts.

15 [001 2] The catalytb matrices usefully employed in ac-

cordance with the present invention are exemplified by

compositions represented by the following formulas:

[0013] [CpiCp2MI^L]+ [NCA]* wherein M is a Group

4 metal, Cp^ Is a substituted or non-substituted cy-

20 clopentadienyl ring and Gp^ is the same or different,

substituted or non-substituted cydopentadienyl ring and

may be bridged symmetrically or asymmetrically to Cpi.

R is hydride, alkyl. halide, silyl, gerniyl or an aryl group,

wherein x Is an integer equal to 0 or 1 . L is an olefin-

25 based material. NCA is a non-coordinating anion.

[001 4J [CpR1-n-Nn.^-MR2^L]* [NCA]" wherein M is a

Group 4 or 6 metal, Cp is a substituted or non-substitut-

ed cydopentadienyl ring bridging to nitrogen group (Np)

via a carbon or silicon group (R^); R^ is a hydride, alkyl,

30 hallde, si lyl , gemiyt or an aryl group attached to the met-

al, wherein x Is an integer equal to 0 or 1 . L is an olefin-

based material. NCA is a non-coordinating anion.

[0015] [CpiMRxL]+ [NCA]- wherein M is a Group 4 or

6 metal. Cp^ is a substituted or non-substituted cy-

35 clopentadienyl ring; R is a hydride, alkyl, halide, silyl,

gemnyl or an aryl group, wherein x is an integer ranging

from 0 to 6. L is an olefin-based material. NCA is a non-

coordinating anion.

[0016] [(Multidentate) MHJL]* [NCA]- wherein M is a

^0
. Group 4 or 6 or 8 or 9 or 10 or 11 metal, R is hydride,

alkyl, halide, silyi, germyl, aryl, halide oralkoxide group;

X is an integer equal to 0, 1 or 2; multldenate is a biden-

tate, tridentate or tetradentate ligand containing nitro-

gen, sulfur, phosphonjs and / or oxygen as coordinating

<5 atoms to the metal. L is an olefin-based material. NCA
is a non-coordinating anion.

[0017] (Multidentate) MR^L wherein M is a Group 4 or

6 or 8 or 9 or 10 or 11 metal, R is hydride, alkyl, silyl.

germyl, aryl, halide or alkoxide group; x is an Integer

30 equal to 0, 1 or 2; multldenate is a bidentate, tridentate

or tetradentate ligand containing nitrogen, sulfur, phos-

phorus and / or oxygen as coordinating atoms to the

metal. L is an olefin-based material..

[0018] Lanthanide or actinide catalysts are also use-

55 fully employed in accordance with the present invention

and are exemplified, yet not limited to:

[0019] (Cpi)x(Cp2)yMRxU[NCA], wherein M is a lan-

thanide or an actinide metal. R is hydride, alkyl, silyi,

3



5 EP 1 181 979 A2 6

germyl, aryl, halide, alkoxide, amide or solvent ligand,

R may also be a bidentate ligand containing nitrogen,

sulfur, phosphorus and / or oxygen, x = 0-2, y = 0-2, L

is an olefin based material. NCA is a non-coordinating

anion.

[0020] The present Invention also provides a general

process for the production of specific polyolefins by ju-

dicious selection of the choice of catalyst and olefin-

based material. The process comprises polymerizing

olefins such as ethylene or propylene alone or in the

presence of higher a-olefins, dioleflns or cycioolefins in

the presence of the matrix decribed above. Combina-

tions of the above catalysts within the matrix have utility

in accordance with process of the present invention.

[0021] The advantages of the invention are obtained

in the ability of the olefln-based materials to react with

commercially Important olefin polymerization catalysts,

the resulting matrices having utility in the polymerization

of a range of polyolefins. The reaction of the olefin-

based materials with the olefin polymerization catalysts

has additional advantages, namely, stabilizing, activat-

ing and supporting the catalysts.

[0022] The advantages of the matrix of the present in-

vention and the scope of its utility In the above men-

tioned processes are presented in the detailed descrip-

tion of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present Invention is directed to a matrix for

the polymerization of olefins, the matlx fomned by reac-

tion of an olefin-based material and a catalytic compo-

nent. The matrix has utility in a general catalytic process

for polymerization of olefins. In particular, the process

of catalytically converting ethylene to higher molecular

weight polyethylene homopolymers, such as high den-

sity polyethylene (HDPE) and linear low density poly-

ethylene (LLDPE), and copolymers with alpha- olefins

such as 1 -butene, 1 -hexene and 1 -octene. The poly-

mers are intended for processing into articles of manu-

facture by extrusion, injection molding, thennofomiing,

rotational molding, hot melt processing and related tech-

niques. In addition, the polyolefins of the present inven-

tion are homopolymers of ethylene and propylene, co-

polymers of ethylene and propylene with higher alpha-

olefins or diolefins, and stereoregular polymers of pro-

pylene.

[0024] In accordance with the present invention, poly-

olefins can be prepared from olefin monomers using a

matrix In a catalytic process with olefin monomers such

as unbranched alkyi olefins having from 2 to 12 carison

atoms, branched aliphatic olefins having from 4 to 12

carison atoms, unbranched and branched aliphatic a-

olefins having from 2 to 12 carison atoms, conjugated

olefins having 4 to 12 cartoon atoms, aromatic olefins

having from 8 to 20 cari}on$, unbranched and branched

cycioolefins having 3 to 12 carbon atoms, unbranched

and branched acetylenes having 2 to 12 carbon atoms,

• and combinations thereof. Also in accordance with the

invention, olefin monomer furthercomprises polar olefin

monomers having from 2 to 60 carbon atoms and at

least one atom such as O, N, B, Al, S, P, Si, F, CI, Br

5 and combinations thereof.

[0025] In particular, the olefin monomer is ethylene,

propene, 1 -butene, 1 -hexene, butadiene, 1,6-hexadi-

ene, styrene, atpha-methylstyrene, cyclopentene, cy-

clohexene, cyclohexadiene, norbomene, norbomadi-

10 ene, cyclooctadiene, divlnylbenzene, trivinylbenzene,

acetylene, diacetylene, allcynyibenzene, dlalkynylben-

zene, ethylene/1 -butene, ethylene/lsopropene, ethyl-

ene/1 -hexene, ethylene/1 -octene, ethylene/propene,

ethylene/cyclopentene, ethylene/cyclohexene, ethyl-

is ene/butadiene, ethytene/1 ,6-hexadiene, ethylene/sty-

rene, ethylene/acetylene, propene/1 -butene, propene/

styrene, propene/butadiene, propy!ene/1 -hexene, pro-

pene/acetylene, ethylene/propene/1 -butene, ethylene/

propene/1 -hexene, ethylene/propene/1 -octene, and
20 various combinations thereof.

[0026] In one embodiment, the matrix of the present

Invention can be usefully employed with many catalysts

exhibiting high activities In ethylene homopolymeriza-

tion and copolymerization of ethylene/higher a-olefins,

25 allowing the synthesis of ethylene homopolymers and

copolymers with narrow molecular weight distributions

and/or homogeneous branching distributions. The
HDPE and LLDPE resins prepared are intended for use

In the production of films with relatively high impact

30 strength and clarity, the fabrication into articles and use-

ful objects by extrusion, Injection mokling, thermoform-

ing, rotational molding, holt melt processing, the

processing of polyethylenes having monodisperse, in-

organic particulate additives or modifiers and the

35 processing of coated surfaces, articles and useful ob-

jects using polymers comprising ethylene.

[0027] An embodiment illustrative of the general utility

of the matrix is the production of polyethylene. All three

classes of the polyethylene (PE), namely high density

40 polyethylene (HDPE), low density polyethylene (LDPE)

and linear low density polyethylene (LLDPE), all of

which require a different catalyst systems currentiy, can

be prepared using the matrix of the present invention.

HDPE Is a linear, semi-crystalline ethylene homopoly-

45 mer prepared using Ziegler-Natta single site and Chro-

mium based polymerization methods. LLDPE is a ran-

dom copolymer of ethylene and a-olefins (such as

1 -butene, 1 -hexene or 1 -octene) prepared commercial-

ly using Ziegler-Natta, Chromium based or single site

50 based catalysts. LDPE is a branched ethylene homopol-

ymer prepared commercially using a high temperature

and high pressure process. HDPE, LDPE and LLDPE
can all be prepared by reacting the matrix of the present

invention with their respective metal based catalyst or

55 catalyst system.

[0028] Another embodiment illustrative of the general

utility of the matrix is the production of copolymers of

ethylene and higher alpha-clefins. When making poly-

4
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mers, Zlegler-Natta catalysts typically produce polyeth-

ylene resins of moderately broad to very broad molec-

ular weight distribution, as characterized by MWD val-

ues greater than 6. Broad molecular weight distributions

in such catalyst systems are believed due to Inhomoge-

neous catalytic sites. By reacting an olefin based mate-

rial with a Ziegler-Natta catalyst and fomning such a ma-

trix, the polymerization of ethylene can lead to narrower

molecular weight distributions, as characterized by

MWD values less than 6.

[0029] in the process of the present invention, olefins

such as ethylene or propylene either alone or together

with higher alpha-olefins, having 3 or more carbons at-

oms, are polymerized in the presence of a matrix com-

prising reacting an olefin-based material and at least

one olefin polymerization catalyst.

[0030] In accordance with the invention, one can also

produce olefin copolymers of ethylene and higher alpha-

olefins having 3-20 carbon atoms. Comonomer content

can be controlled through selection of the catalyst com-

ponent and the olefin-based material.

OLEFIN-BASED MATERIALS

[0031] The olefin-based materials usefully employed

in accordance with the invention comprise organic ma-

terials having covalently bound olefin groups and inor-

ganic materials functionalized with olefin groups. The

organic materials are in the forni of solids or liquids and

are preferably polymeric solids. The olefin-based mate-

rials most usefully employed for the polymerization of

olefins are macroporous organic polymeric materials

such as those prepared by suspension, precipitive or

emulsion polymerization in the presence of porogens.

The numk)er of olefin groups, the pore size and surface

area in the polymeric materials can be synthetically and

morphologically controlled by judicious selection of po-

lymerization conditions. It has been further discovered

that the polymeric materials and their resulting matrices

can be prepared in shapes which are useful in the pro-

duction of polyolefins. Another type of olefin-based ma-

terials usefully employed for the polymerization of ole-

fins are inorganic solids and hybrid organic-inorganic

polymers, such as slloxanes, that are chemically func-

tionalized with olefin groups. The olefin groups may be

disposed on surfaces of the solids or may be dispersed

throughout the solids. The olefinic groups can either be

introduced synthetically or are residual olefinic groups

remaining after polymerization.

[0032] An embodiment of an olefin-based material in

accordance with the present Invention involves Intro-

ducing olefinic groups into silica or other inorganic ox-

ides by reacting surface hydroxyl groups with olefin-con-

taining chlorosilane compounds such as (CH3)2CISi(vi-

nyt). (CH3)2CISi(allyl), ClaSKvinyl) or CIsSKallyl) or

alkoxy sitane compounds such as (0R)3Si(vinyl) or

(0R)3Si(allyl), where R represents an alkyi group. An-

other embodiment of the invention involves the introduc-

tion of olefinic groups into organic polystyrene (PS) co-

polymers by using chloromethylation followed by con-

version into phosphonium salts and finally Into vinyl

- groups by Wittig vinylation. Other methods to introduce

s olefinic groups into organic polymers are disclosed in

publications by Dariing et al, such as React. Funct. Pol-

ym.1998, 36(1), 1-16, the contents and reference cita-

tions which are herein incorporated by reference.

[0033] A further embodiment directed to olefin-based

to materials of the present invention concems using olefin-

ic moities In inorganic polymers that result from the con-

densation polymerization of organosilanes and si-

ioxanes containing vinyl (olefinic) functional groups

such as as (0R)3Si(vinyl) or (0R)3Si(allyl). Condensa-

te tion polymerizations of organosiloxane materials to pro-

duce porous, spherical beads are disclosed in publica-

tions of Unger et al, such as J. Chromatogr. 1976, 125,

115. Yet another embodiment within the scope of the

present invention concems using olefinic moities in or-

20 ganic polymers that result from the polymerization of dl-

olefin monomers in which one olefin group selectively

polymerizes. Polydiene polymers, such as polybutadi-

ene and polyisoprene, and copolymers of butadiene and

styrene and/or divinylbenzene are examples of poly-

25 mers containing residual unreacted, pendant vinyl

(olefinic) groups that have utility as olefinic materials for

the metallocene catalysts ofthe present invention. Oth-

er examples of olefin containing materials are disclosed

in publications by Dariing et al, such as React. Funct.

30 Polym. ,1 998, 36(1 ), 1 -1 6, the contents and reference ci-

tations whk;h are herein incorporated by reference.

[0034] The olefin-based material is selected from the

polymer such as divinylbenzene polymers, divinylben-

zene copolymers, styrene/divinylbenzene copolymers,

3s divinylbenzene resins, cross-linked divinylbenzene pol-

ymers, cross-linked butadiene polymers, styrene/buta-

dlene copolymers, styrene/isoprene copolymers, vinyl-

slloxane polymers and combinations thereof.

[0035] According to a preferred embodiment for the

40 olefin-based material in the present invention, olefin

containing polymers are prepared from precipitive, sus-

pension or emulsion polymerization of commerical

grade divinylbenzene (DVB). An unexpected advantage

of the invention was discovered In observations made
45 when varying the conditions of the polymerization, the

amount of residual pendant vinyl groups can be synthet-

ically and morphologically controlled. The olefin contain-

ing polymers produced by the precipitive, suspension or

emulsion polymerization of DVB, are crossllnked and

50 thus insoluble, have spherical structures and can be

produced at particle sizes between 2 nm and 1000 mi-

crons. In addition, the olefin containing polymers can be

made porous by addition of a porogen during the polym-

erization, further enhancing their utility as a ligand sys-

55 tem for the catalytic matrix of the present invention. The

amount of porosity, pore diameter and surface area can

be controlled by varying the amount and type of porogen

used during the polymerization as disclosed in publica-

5
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tions of Meitzner et. al., such as those related to U.S.

Patent No. 4,382,124, the contents of which are usefully

enfiployed in accordance with the invention. Preferred

clefIn-based materials are ennbodied in a polymer or co-

polymer polymerized from a monomer or mixture of

monomers containing at least 4 weight percent (%),

based on the total monomer weight, of polyvinyl unsatu-

rated monomer. The olefin containing organic material

useful in the preparation of the catalytic matrix of the

present invention are preferably polymerized from mon-

omer mixtures containing at least 2% by weight polyvi-

nyl aromatic monomers and more preferaby greater

than 20% potyvinylaromatic monomers.

[0036] Olefin containing organic material useful in the

preparation of the catalyst matrix of the present Inven-

tion are preferably spherical copolymer beads having

particle diameters from 5 nanometers to 1 millimeters

(nnm). such as are produced by precipitive, emulsion or

suspension polymerization, and preferably possess a

surface area greater than 1 rrfi/g, preferably greaterthan

10m2/g and more preferably greaterthan 100 m^/g. Al-

though any olefin containing material containing at least

0.01 mmol/g of residual vinyl groups and at least 2%
polyvinylaromatic monomer units may be used as part

of the catalytic matrix of the present invention, the pre-

ferred olefin containing organic materials are macropo-

rous polymer beads of the type described in U.S. Patent

No. 4,382,124, In which porosity is introduced into the

copolymer beads by suspension-polymerization in the

presence of a porogen (also known as "phase extender"

or "precipitant"), that Is, a solvent for the monomer but

a non-solvent for the polymer.

[0037] A typical macroporous polymer bead prepara-

tion, for example, may Include preparation of a continu-

ous aqueous phase solution containing suspension aids

(such as dispersants. protective colloids and buffers)

followed by mixing with a monomer mixture containing

2 to 100% potyvinylaromatic monomer, free-radical ini-

tiator and 0.2 to 5 parts porogen (such as toluene, xy-

lenes, (C4-Cio)"S'*^^"o's, (Cg-Cig)'®®^"'^^®^ hydrocar-

bons or polyaikylene glycols) per one part monomer.

The mixture of monomers and porogen Is then polym-

erized at elevated temperature and the porogen is sub-

sequently removed from the resulting polymerbeads by

various means; for example, toluene, xylene and

(C4-C1Q) alcohols may be removed by distillation or sol-

vent washing, and polyaikylene glycols by water wash-

ing. The resulting macroporous copolymer is then iso-

lated by conventional means, such as dewatering fol-

lowed by drying.

[0038] Suitable polyvinylaromatic monomers that

may be used in the preparation of the macroporous co-

polymers useful in the process of the present invention

include, for example, one or more monomer selected

from the group consisting of divinylbenzene, 1 .3,5-trivi-

nyibenzene, divinyltoiuene, divinylnaphthalene, and dl-

vlnylxylene; It Is understood that any of the various po-

sitional isomers of each of the aforementioned

crosslinkers is suitable; preferably the polyvinylaromatic

monomer is divinylbenzene. Preferably the macropo-

rous copolymer comprises 2 to 1 00%, and more prefer-

ably 10 to 80%, polyvinyl aromatic monomer units.

5 [0039] Optionally, non-aromatic crosslinking mono-

mers, such as ethyleneglycol dlacryiate, ethyteneglycol

dimethacrylate, vinyl cyclohexene, butadiene, trimethy-

lolpropane triacrylate, trimethyloipropane trimethacr-

ylate, diethyleneglycoldivinyl ether and trlvlnytcyclohex-

10 ane, may also be us^ed in addition to the polyvinylaro-

matic crosslinker.

[0040] Suitable monounsaturated vinylaromatic mon-

omers that may be used in the preparation of the ma-

croporous polymers useful in the process of the present

15 invention include, for example, styrene, a-methylsty-

rene, (C^-C4)aikyl-substltuted styrenes and vlnylnaph-

thalene; preferably one or more monounsaturated viny-

laromatic monomer is selected from the group consist-

ing of styrene, halogen substituted styrenes and (C1-C4)

20 alkyl-substituted styrenes. Included among suitable hal-

ogen substituted styrenes are, for example, bromosty-

rene and chlorostyrene. Included among suitable

(C^-C4)alkyl*substltuted styrenes are, for example,

ethylvinylbenzenes, vinyltoluenes. diethylstyrenes,

25 ethylmethylstyrenes and dimethylstyrenes; it is under-

stood that any of the various positional isomers of each

of the aforementioned vinylaromatk: monomers is suit-

able. Preferably the macroporous polymer comprises

zero to 98%, and more preferably 20 to 90%, monoun-
30 saturated vinylaromatk: monomer units.

[0041] Optionally, non-aromatic vinyl monomers,

such as aliphatic unsaturated monomers, for example,

vinyl chloride, acrylonitrile, (meth)acrylic acids and alkyi

esters of (meth) acrylic acids may also be used in addi-

35 tion to the vinylaromatk; monomer. When used, the non-

aromatk; vinyl monomers typically comprise as polym-

erized units, from zero to 20%, preferably from zero to

10%, and more preferably from zero to 6% of the ma-

croporous copolymer, based on the total monomer
40 weight used to form the macroporous polymer

[0042] Suitable macroporous polymers useful as ma-

terials for the preparation of the catalytic matrix of the

present invention are any macroporous polymers con-

taining some "free" vinyl (olefin) groups. These vinyl

45 groups are residual vinyl groups thatwere left unreacted

(representing less than 1 00% efficiency of the crosslink-

er) during the polymerization process used to prepare

the macroporous copolymer substrate. Suitable macro-

porous copolymer substrates comprise greater than 2
50 weight percent polyvinylaromatk: monomer units and

have at least 0.01 ,
preferably from 0.1 to 5, and more

preferably from 0.1 to 4 mmol/g residual vinyl groups.

[0043] Alternative polymerization technologies to pro-

duce vinyl (olefinic) containing polymers and copoly-

55 mers useful in this present invention include but are not

limited to emulsion polymerization, solution polymeriza-

tion, precipitation polymerization, anionk: polymeriza-

tion, seeded polymerization, and condensation polym-

6
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erizations. Essentially any olefinic, diolefinic or muiti-

olefinic monomer can usefully comprise the catalytic

matrix of the present Invention. Non limiting examples

olefin containing functional groups include vinyl, allyl,

alkenyl and alkynyl radicals. Synthetic methods, physi- s

cal properties and processing of polymers having sig-

nificant residual double bonds are disclosed U. S. Pat.

AppK Ser. No. 09/466,591 , the contents ofwhich is here-

in usefully employed in accordance with the present in-

vention. 10

[0044] Several methods were used to characterize

and quantify the amount of olefinic groups contained in

the organic and inorganic materials useful in the present

invention. These include the use of solid state ^^C NMR
(nuclear magnetic resonance) CP/MAS-TOSS (cross is

polarization magic angle spinning with total sideband

suppression) and infrared spectroscopy. Chemical de-

rivitization of olefin groups Is yet another method used

to quantify the amount of olefinic groups contained in a

material. The use of a variety of characterization tech- 20

niques to quantify the amount of pendent vinyl groups

contained in a polydivinytbenzene polymer is disclosed

in publications of Law et al, such as Macromoiecules

1997,30, 2868-275 and Hubbard et al., React. Fund.

Polym. Vol. 36 (1), pages 17-30 (1998). 25

CATALYTIC COIVIPONENT

[0045] The catalysts usefully employed in accordance

with the invention are organometaiiic compositions of

transition metais. The transition metal catalysts prefer-

ably are of the Ziegler-Natta type or Phillips type cata-

lysts and more preferably is a single site catalyst, such

as a Unipol® type, Insite® or Verslpol® type catalyst.

The most preferred catalysts are based on organome-

taiiic compounds of zirconium, titanium, chromium, va-

nadium. Iron, cobalt, palladium, nickel and copper.

[0046] Illustrative, but not limiting examples of bis(cy-

clopentadienyl) group 4 metal compounds which may
be used in the preparation of the catalyst matrix of the

present invention are listed below:

dihydrocarbyl-substituted bis(cyclopentadienyl)zir-

conium compounds such as bis(cyclopentadienyl)

zirconium dimethyl, bis(cyclopentadienyl)zirconium

diethyl, bis(cyclopentadienyi)zirconium dipropyl,

bis(cyclopentadienyl)zirconium dibutyi, bis(cy-

ctopentadlenyl)zirconium diphenyl, bis(cyclopenta-

dlenyl)zirconium dineopentyl, bis(cyclopentadi-

enyi)zirconium dl(m-tolyl), bis(cyciopentadienyi)zir- so

conium di(p-tolyl) and chemically/structurally relat-

ed compounds;

dihydrido-substituted bis(cyclopentadienyl) zirconi-

um compounds such as bis(cyclopentadienyi)zirco-

nium dihydride and chemically/structurally related ss

compounds;

hydrido halide-substituted bis(cyclopentadlenyl)

zirconium compounds such as bis(cyciopentadi-

enyl)zirconium hydrido chloride and chemically/

structurally related compounds;

hydrocarbyl hydride-substituted bis(cyctopentadi-

enyl) zirconium compounds such as bis(cyclopen-

tadlenyl)zirconium methyl hydride bis(pentamethyl-

cyclopentadienyl)zirconium (phenyl)(hydride), bis

(pentamethylcyclopentadienyl)zirconium (methyl)

(hydride) and and chemically/structurally related

compounds;

(monohydrocarbyl-substituted cyclopentadienyl)

zirconium compounds such as (methylcyclopenta-

dienyl)(cyclopentadlenyl) zirconium dimethyl bis

(methylcyclopentadienyl)zirconium dimethyl bis

(butytcyclopentadienyl)zirconium dimethyl and

chemically/structurally related compounds;

(polyhydrocarbyl-substltuted-cyclopentadienyt) zir-

conium compounds such as (dlmethylcyclopentadi-

enyl) (cyclopentadienyl) zirconium dimethyl bis

(dimethylcyclopentadienyl) zirconium dimethyl, bis

(pentamethylcyclopentadienyi) zirconium dimethyl,

and chemically/structurally related compounds;

(bridged-cyclopentadienyi)zirconium compounds
such as methylene bls(cyclopentadienyl)zlrconlum

dimethyl, methylene bls(cyc1opentadienyl)zirconi-

um dihydride, ethylene bis(cyclopentadienyl)zirco-

nium dimethyl, dimethylsilylbis(cyclopentadlenyl)

zirconium dimethyl, ethylenebis(cyclopentadienyl)

zirconium dihydride dtmethylsilyl bis(cyclopentadi-

enyi)zirconium dihydride and chemically/structural-

ly related compounds;

chiral and C2-symmetry compounds; asymetrteatly

bridged- dteylopentadienyi compounds such as

methylene(cyclopentadienyl)(1-fluorenyl)zlrconi-

um dimethyl, dimethysilyl(cyclopentadlenyi)(1-flu-

orenyl)zirconium dihydride, isopropyt(cyclopentadl-

enyl)(1-fluorenyl)zirconlum dimethyl, isopropyl(cy-

clopentadienyl)1 -octahydrofluorenyl)zirconium

dimethyl, dimethylsilyl(methylcyclopentadienyl)

(1 -fluorenyl)zirconium dihydride, methylene(cy-

clopentadienyl(tetramethylcyclopentadienyl)zirco-

nium dimethyl and chemically/structurally related

compounds;

racemic and meso isomers of symmetrically

bridged substituted dicydopentadienyi compounds
such as ethylenebis(indenyl)2irconjum dimethyl,

dimethylsilylbls(indenyl)zirconlum dimethyl, ethyl-

enebis(tetrahydroindenyl)zirconium dimethyl,

dimethy!silyIbis(3-trimethylsllylcyclopentadientyl)

zirconium dihydride and the like;

zirconacycles such as bis(pentamethyk:yciopenta-

dienyl) zirconacyctobutane, bis(pentamethylcy-

clopentadienyl) zirconacyclopentane, bis(cy-

clopentadienyl)zirconaindane,

1 -bis(cyclopentadlenyl)2ircona-3- dlmethylsila-cy-

ciobutane and the like;

olefin, diolefin and aryne ligand substituted bis(cy-

clopentadienyl)zirconium compounds such as bis

(cyclopentadienyl) (1 ,3-butadiene)zirconium, bis

35
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(cydopentadienyl) (2, 3-climethyl-1 ,3butadiene)2ir-

conium, bis(pentamethyicyclopentaclienyl)(ben'

zyne)zirconium and chemically/structurally related

compounds;

bis(cyclopentadienyi) zirconium compounds in

which a substituent on the cydopentadienyl radical

is bound to the metal such as (pentamethylcy-

clopentadienyl) (tetramethylcyclopentadlenylmeth-

yine) zirconium hydride, (pentamethytcyclopentadi-

enyl) (tetramethylcyclopentadienylmethylne)zirco-

nium phenyl and chemically/structurally related

compounds.

[0047] illustrative, but not limiting examples of bis(cy-

clopentadienyt)hafnium and bis(cyciopentadienyl)titani-

um compounds that usefully comprise the catalytic ma-

trix of the present invention are disdosed in publications

ofAltandKoeppI, suchasChem. Rev., 100, 1205-1222,

2000 and Hiatky, Chem. Rev., 100, 1347-1376, 2000,

the contents of which are usefully employed in accord-

ance with the invention. Chemically and structurally re-

lated bis(cydopentadienyl)zirconium compounds (e.g.

dihalides, CpgMXg), bls(cyclopentadienyl)hafnium com-

pounds and bis(cyclopentadienyl)titanium compounds

as well as other catalysts of Group 4 metals that are use-

ful in the catalytic matrix of the present invention would

be apparent to those skilled in the art based on their

respective chemical structures and reactivities in olefin

polymerizations.

[0048] illustrative, but not limiting examples of Group

4 and 6 compounds containing a single cydopentadi-

enyl ring or a cydopentadienyl ring bridging to a nitrogen

group via a carbon or silicon group which may be used

in the preparation of the catalytic matrix of the present

invention include:

pentamethytcyclopentadlenyl titanium trimethyl

cydopentadienyl titanium trimethyl

pentamethylcyclopentadienyl zirconium trimethyl

cydopentadienyl zirconium trimethyl

dimethylsilycyciopentadienyl-tertbutylamido zirco-

nium dimethyl

dimethyisliycyclopentadienyl-tertbutylamido titani-

um dimethyl

dlmethylsilytetramethylcyclopentadienyi-tertbuty-

iamido zirconium dimethyl

dimethylsilytertbutyicydopentadienyl-tertbutylami-

do zirconium dimethyl

dimethylsilytetramethyIcyclopentadlenyl-tertbuty>

iamido titanium dimethyl

dimethylsllytertbutylcyciopentadienyl-teributyiaml-

do titanium dimethyl

dimethyisilytetramethylcyclopentadienyl-tertbuty-

tamido hafnium dimethyl

dimethylsitytertbutyicyclopentadienyl-tertbutytami-

do hafnium dimethyl

dimethylsilytetramethylcyclopentadlenyi-tertbuty-

lamido zirconium dimethyl

ethylenetetramethylcyclopentadienyldimethylami-

no chromium dimethyl

[0049] Illustrative but not limiting examples of Group
s 4 or 6 metal complexes containing bidentate, tridentate

or other multidentate ligands that usefully comprise the

catalytic matrix of the present invention include:

,0
(NC(CH3)2CH2CH2C{CH3)2N)Cr(CH2C6H5)2

bis[N-(3-t-butylsalicylidene)phenylaminato] zirconium

dichloride

[0050] Illustrative but not limiting examples of Group
15 8-11 metal complexes containing bidentate, tridentate

or other multidentate ligands that usefully comprise the

catalytic matrix of the present invention are disdosed in

publications of tttel and Brookhart, such as Chem. Rev.,

100, 1169-1203, 2000, Hiatky, Chem. Rev., 100,

20 1347-1376, 2000, and Gibson, Angew. Chem. Int. Ed.

38, 428-447the contents ofwhich are usefully employed

in accordance with the present invention. A list of pre-

ferred of Group 8-10 catalysts that usefully comprise the

catalytk: matrix of the present invention are:

25

{(2,6-iPr2C6H3)-N=C(H)-C(H)=N-(2,6-iPr2C6H3))

NiBra

{(2,6-iPr2C6H3)-N=C(IVIe)-C(Me)

=N-(2,6-iPr2C6H3)} NIBr2

30 {(2,6-IPr2C6H3).N=C(Ph)-C(Ph)=N.(2,6-iPr2C6H3)}

NIBr2

{(2,6-Me2C6H3)-N=C(H)-C(H)=N-{2,6-Me2C6H3)}

NiBr2

{(2,6-1^e2C6H3)-N=C(Me)-C(Me)

35 =N-(2,6-Me2C6H3)}NlBr2

{(2,6-Me2C6H3)-N=C(Ph)-C(Ph)

=N-(2,6-Me2C6H3)} NiBrg

{(2.6.iPr2C6H3)-N=C{H)-C(H)=N-(2,6-iPr2C6H3)}

Pd(CI)Me

40 [{(2,6-IPr2C6H3)-N=C(Me)-C(Me)

=N-(2,6-iPr2C6H3)} PdMe (NC-Me)]+

[{(2,6.iPr2CeH3)-N=C(Ph).C(Ph)

=N-(2,6-iPr2C6H3)) PdMe (NC-Me)]+

[{{2,6-iPr2C6H3)-N=C(H)-C(H)=N-(2,6-iPr2C6H3)}

45 PdMe (NC-Me)]+

[{(2,6-iPr2C6H3)-N=C(Me)-C(Me)

=N-(2,6-iPr2C6H3)} PdMe (NC-Me)]+

[{(2.6-IPr2C6H3)-N=C(Ph)-C{Ph)

=N.(2,6-iPr2C6H3))PdMe (NC-Me)]+

50 [{(2,6-IPr2C6H3)-N=C(Me).C(Me)

=N-(2,6-iPr2C6H3)) NiMe (OEt2)l+

[{(2,6-iPr2C6H3)-N=C(Ph)-C{Ph)

=N-(2.6-iPr2C6H3)} NiMe (0Et2)]+

{[(2. 6 - PhN=C(CH3))2C5H3N] COCIa)
55 {[(2. 6 - PhN=C(CH3))2C5H3N] FeCy

{[(2, 6 - PhN=:C(CH3))2C5H3N] COCI3}

{[(2. 6 - PhN-C(CH3))2C5H3N] FeCIa)

bis (2,2'-bipyridyl) iron diethyl

8
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Chemically and structurally related catalytically active

Iron, Cobalt, Nickel and Palladium compounds as well

as other catalysts of Group B-IO metals that are useful

In the catalytic matrix of the present invention would be

apparent to those sl<illed in the art based on their re-

spective chemical structures and reactivities in olefin

polymerizations.

ACTIVATOR COMPONENTS

[0051 ] Illustrative, but not limiting examples of activa-

tors that usefully comprise the catalyst matrix of the

present invention are disclosed in publications of Chen
and l\^ari<s, such as Cham. Rev., 100, 1391-1434,2000,

Coates, such as Chem. Rev., 100, 1223-1252, 2000.

Resconi et al. such as Chem. Rev., 100, 1253-1346,

2000, Finl< et al, such as Chem. Rev., 100, 1377-1390,

2000 Alt and KoeppI, such as Chem. Rev., 100,

1206-1222, 2000 and Hlatl<y, Chem. Rev., 100,

1 347-1 376, 2000, the contents of which are usefully em-

ployed in accordance with the invention. Activators use-

fully comprising the catalyst matrix of the present inven-

tion are:

Boron containing activators derived from organic or in-

organic borane compounds or borate anions, aluminum

compounds derived from aluminum alkyts, organoaiu-

minoxanes (e.g. MAO). Prefered examples of activators

employed in the catalyst matrix of the present invention

are trifluoroborane, triphenylborane, Tri8(4-fluorophe-

nyl)borane, Tris(3,5-dlfluorophenyi)borane, Tri8(4-fluor-

omethylphenyl)borane, Tris(pentafluorophenyl)borane,

Tris(toiyI)borane, Tris(3,5- dimethyiphenyl)borane, Tris

(3,5-difluorophenyl)borane, Tris(3,4,5-trifiuorophenyl)

borane, Dimethyianilinium [(pentafiuorophenyl) borate,

sodium[B{3,5-(CF3)2C6F3}4J, [H (OEtg)! [B {3,

5-{CF3)2C6F3}4], aluminum alkyis such as AI(C2H5)3, Al

(CH2CH(CH3)2)3. Ai(C3H7)3, Al ((CH2)3CH3)3. Al

((CH2)5CH3)3. AI(C6F5)3. AKCsHsjaCI. Ai2(C2H5)3Ci2.

AICt3 and aiuminoxanes such as methyialuminoxane

(MAO), modified methyl aluminoxane (MMAO), iobuty-

lalumlnoxane, butylaluminoxane, heptylalumlnoxane

and methylbutylaluminoxane. Both stotehiometric and

non-stoichiometric quantities of activators are usefully

employed in the catalyst matrix of the present invention

using triaryt carbenium tetraaryiborates, N,N-dialky-

lanilinium salts such as N,N-dimethylanilinium tetra

(pentafiuorophenyl)borate, N,N-diethylani!inium tetra

(phenyi)borate, N,N-2,4,6-pentamethylanilinium tetra-

phenylborate and chemically related Group 13 com-

pounds; dialkyi ammonium salts such as di(i-propyl)am-

monium tetra(pentafiuorophenyl)borate, dicyctohexy-

tammonium tetra(phenyl)boron and chemically related

Group 13 compounds; triaryi phosphonium salts such

as triphenylphosphonium tetraphenylborate, tri(methyl-

phenyl)phosphonlum tetra(phenyOborate, tri(dimethyl-

phenyi)phosphonlum tetra(phenyl)borate and chemi-

cally related Group 1 3 compounds. Any complex anions

orcompounds forming such anions that exhibit an ability

to abstract and activate the metal compounds would be

within the scope of the catalyst matrix of the present in-

vention. Chemically and structurally related boron com-

pounds and aluminum compounds as well as other cat-

5 aiysts of Group 1 3 elements that are useful in the cata-

lyst matrix of the present invention would be apparent

to those skilled in the art based on their respective

chemical structures and activities in olefin polymeriza-

tions.

CATALYTIC MATRIX

[0052] The catalytic matrix of the present invention is

fomned by reacting a potyolefin catalyst with the olefin

IS containing material. The unsaturated transition metal

complex can be generated using activators before re-

action with the olefin material or can be fornied in the

presence of the olefin material. Evidence for the forma-

tion of a new catalyst matrix can be obtained using ^^c

20 NMR or IR spectroscopy in which a substantial reduc-

tion in olefin resonance is observed. Elemental analysis

and techniques to detennlne elemental composition

such as TOF-SIMS and ESCA can also be used to an-

alyzed the catalyst matrix of the present invention.

25

POLYOLEFIN PROCESSES

[0053] Reactor systems well known In the art, such

gas phase reactors, slurry loop reactors and solution

30 phase reactors or combinations of reactors can be use-

fully employed in accordance with the present invention

for polyolefin production using the catalytic matrices de-

scribed above. Gas phase or slurry loop polymerization

reactors are preferred.

35 [0054] In one embodiment, a catalytic matrix is depos-

ited on a subtrate which comprises an organic or inor-

ganic material. The material may be in the fomn of an

object or particulate or comprise the surface of a mate-

rial. The material is subsequently exposed to olefin mon-
40 omer to form a polyolefin coating on the material. A coat-

ing process comprising depositing the matrix of the

present Invention on a substrate and polymerizing olefin

monomer to produce a potyolefin coated surface, object

or particulate can be usefully employed in accordance
4s with the Invention. The substrate may comprise an or-

ganic polymer or may consist of an inorganic oxide,

comprising clays, micas, silicates, metals and non-met-

al oxides. In another embodiment, a process for prepar-

ing a composite of substrate and polyolefin in-situ using

so the matrix in combination with at least one substrate can

be employed in accordance with the invention.

[0055] The modification of polyolefin properties in-situ

is an important advantage of the catalytic matrices of

the present invention. Modification of the properties of

S5 polyoleflns such as polyethylene and polypropylene are

possible using matrbes of the invention. The ability of

the matrix to be used as a polymer modifier in-situ is a

key advantage of the invention as compared to the man-

20
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ner of modifying polymer properties known currently in

the art. Mechanical properties, such as resistance to

shear forces, rheological properties, such as glass tran-

sition temperature or viscosity and other physical prop-

erties such as fire retardancy of polyolefins can be mod-

ified in specific polyolefins in accordance with the inven-

tion. In one embodiment, a process for the production

of hydrophobically modified particles as hydrophobically

modified inorganic particles can be usefully employed

in accordance with the invention. The particles can be

In theform of spheres, surfaces and objects in which the

catalyst matrix is deposited on the particles and polym-

erized in the presence of an olefin. Other variations of

preparing polyolefin coated objects or modified polyole-

fins are within the scope of the present invention.

EXPERIMENTAL EXAMPLES

[0056] In the following examples, all reagents used

are of good commercial quality, unless othenwise indi-

cated, and all percentages and ratios given herein are

by weight unless otherwise indicated.

EXAMPLE 1

[0057] An example illustrating the preparation of an

organic material containing oiefinic groups useful for the

preparation of the catalyst matrix of the present inven-

tion.

[0058] A 2-liter, 4-necked flask was equipped with a

condenser, mechanical stirrer, thermocouple and nitro-

gen inlet, containing an aqueous solution prepared by

mixing together 680 g deionized water, 3.4 g methylhy-

droxyethylcellulose, 0.04 g sodium lauryl sulfate. 2.5 g
50% aqueous sodium hydroxide solution and 2.7 g boric

acid. A monomer mixture containing 182 g divinylben-

zene (80% purity) 149 g xylene, 179 g methylisobutyl-

carbinol and 4.5 g benzyol peroxide was added to the

mixture. Under a nitrogen atmosphere, the resulting

mixture was stin-ed at 300 rpm to maintain the monomer

In discrete droplets and heated to 75''C over a 1-hour

period. The monomers were allowed to polymerize at.

75**C for 1 0 hours. Xylene and MIBCwere removed from
the mixture by washing with methanol and the resulting

polymer beads were allowed to dry overnight in an oven

at 40''C. The olefin containing polymer product had an

average particle diameter of 80 microns, a porosity of

1 .9 cc/g, a 4V/A pore diameter of 1 04 angstroms and a

surface area of 730 m^/g. The amount of pendant vinyl

groups, as detennlned by solid state ^^C NMR spectros-

copy was measured to be approximately 1 .8 mmot/g.

EXAMPLE 2

[0059] An example illustrating the preparation of an

inorganic material functtonalized with oiefinic groups

useful for the preparation of the catalytic matrix of the

present invention.

in an argon filled glove box, 0.58 g of Grace Davison

948 silica that had been activated at 200*^0 for 2 hours,

was mixed with 2 grams of dimethytohlorovinyl silane.

This mixture was placed into a glass reactor and sealed

5 and removed from the box. After heating for 3 days the

reactor was openned inside of the glove box and the

contents filtered and the product washed with 20 ml of

toluene and then washed with 2 x 20 ml of heptane and

0.50 g of product was recovered. Elemental analysis

10 and infared spectroscopy indicated thatthe product con-

tained 0.9 mmol/g of vinyl groups.

EXAMPLE 3

15 Catalytic Matrix A

[0060] An example lltustrating preparation of a cata-

lytk: matrix comprising a specific Group 4 catalyst of the

present invention useful for the polymerization and co-

20 polymerization of ethylene. All manipulations were per-

formed in a glove box under a dry and Inert, argon at-

mosphere.

[0061] To 0.500 g of the oiefinic material from Exam-

ple 1 was added 5 mi of toluene. This material was al-

2s lowed to swell in toluene for 30 minutes. Next, a dari(

orange oil produced from the reaction of 0.053 g of bis-

cyclopentadienyl zirconium dimethyl in 2 mi of toluene

with 0.145 g of N,N-dimethylanilinium tetra(pentafluor-

ophenyl)borate was added to the toluene swollen olefin

30 containing material. The oil quickly reacted with the ma-

terial resulting in a light orange product and a colorless

toluene solution. After mixing for 45 minutes, the mate-

rial was filtered and washed with 1 0 ml of toluene fol-

lowed by 2 X 20 ml of dry oxygen free heptane. A beige

35 product resulted from filtration and was dried under vac-

uum, yielding 0.580 g of catalyst. This product contained

a calculated 0.27mmol ofZr pergram of catalytic matrix.

EXAMPLE 4
40

Catatytte Matrix B .

[0062] The example illustrates the preparation of a

catalytic matrix comprising a specific Group 4 catalyst

45 of the present invention, comprising the introduction of

a single cyclopentadienyl group bridged to a nitrogen

group attached to the metal center, useful for the polym-

erization and copolymerization of ethylene. All manipu-

lations were performed in a glove box under a dry and
50 inert, argon atmosphere using dry and oxygen free sol-

vents.

[0063] To 0. 1 90 of olefinic-based material from Exam-

ple 1 was added 5 ml of toluene. This material was al-

lowed to. swell in toluene for 30 minutes. Next, a dari(

55 orange oil produced from the reaction of 0.021 g of [t-

Butylamldo)(tetramethylcyclopentadienyl)-dimethylsi-

lanejtitanium dimethyl in 2 ml of toluene with 0.052 g of

N.N-dimethylaniiinium tetra(pentaliuorophenyl]borate

10
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was added to the toluene swollen olefin containing ma-

terial. The oil quickly reacted with the material resulting

in a light orange brown product and a colorless toluene

solution. After mixing for 45 minutes, the material was
filtered and washed with 1 0 ml of toluene followed by 2

X 20 ml of dry oxygen free heptane. A beige product re*

suited from filtration and was dried under vacuum, yield-

ing 0.211 g of catalyst. The product contained a calcu-

lated 0.25 mmoi of 71 per gram of catalytic matrix.

EXAMPLE 5

Catalytic Matrix C

[0064] An example illustrating preparation of a cata-

lytic matrix comprising a specific Group 4 catalyst of the

present invention, comprising the introduction of two

substituted cyclopentadieyl rings, useful for the polym-

erization and copolymerization of ethylene. All manipu-

lations were perfomied in a glove box under a dry and

inert, argon atmosphere.

[0065] To 0.200 g of the oiefln-based material from

Example 1 was added 5 ml of toluene. This material was
allowed to swell in toluene for 30 minutes. Next, a daric

brown orange oil produced from the reaction of 0.01 8 g
of bismethylcyclopentadienyl zirconium dimethyl in 2 ml

of toluene with 0.052 g of N.N-dimethylaniiinium tetra

(pentafluorophenyl)borate was added to the toluene

swollen olefin containing material. The oil quickly react-

ed with the material resulting in a tan brown orange

product and a cotoriess toluene solution. After mixing

for 45 minutes, the material was filtered and washed

with 1 0 ml of toluene followed by 2 x 20 ml of dry oxygen

free heptane. Atan brown product resultedfrom filtration

and was dried under vacuum, yielding 0.191 g of cata-

lytic matrix. The product contained a cak:ulated 0.27

mmol of Zr per gram of catalytic matrix.

EXAMPLE 6

Catalytic Matrix D

[0066] An example illustrating preparation of a cata-

lytic matrix comprising a specific Group 4 catalyst of the

present invention comprising the introduction of two

substituted cyciopentadlenyl rings bridged together

useful for the isotactic polymerization of propylene. All

manipulations were performed in a glove box under a

dry and inert, argon atmosphere.

[0067] To 0.250 g of the olefinic material from Exam-

ple 1 was added 10 ml of toluene. This material was al-

lowed to swell in toluene for 30 minutes. Next, a dari<

orange oil produced from the reaction of 0.050 g of rac-

dlmethylsilyl-bis-(1 -indenyl)dimethyl zirconium In 5 ml of

toluene with 0. 1 50 g of N,N-dimethylanilinium tetra(pen-

taflurophenyl)borate was added to the toluene swollen

olefin containing material. The oil quickly reacted with

the material resulting in a light orange product and a

coloriess toluene solution. After mixing for 45 minutes,

the material was filtered and washed with 1 0 ml of tolu-

ene followed by 2 X 20 ml of dry oxygen free heptane.

A gray beige product resulted from filtration and was
dried under vacuum yielding 0.200 g of catalytic metric.

Based on elemental analysis, the product contained a

calculated 0.16 mmol of Zr per gram of catalytic matrix.

[0068] An example Illustrating preparation of a cata-

lytic matrix comprising a specific Group 10 catalyst of

the present invention useful for the polymerization and

copolymerization of ethylene. All manipulations were

perfomied in a glove box under a dry and Inert, argon

atmosphere.

[0069] To 0.1 00 g of the olefinic material from Exam-

ple 1 was added 2 ml of methylene chloride. The mate-

rial was allowed to swell in methylene chloride for 30

minutes. Next, a filltered orange solution containing

0.01 9g of [(2,6-(i-C3H7)2C6H3N=C(CH3)-C(CH3)=N

(2,6-(i-C3H7)2C6H3)PdCH3Cl and 0.029 Na B
[3,5-C6H3-(CF3)2]4 in 2 ml of diethylether was added to

the methylene chloride swollen olefin containing mate-

rial. The orange solution quickly reacted with the mate-

rial resulting in a pale orange brown product. After 45

minutes, the material was filtered and washed with 10

ml of toluene followed by 2 x 20 ml of dry oxygen free

heptane. The tan productwas dried undervacuum yield-

ing 0.089 g of catalytic matrix. This product contained a

calculated 0.22 mmol of Pd per gram of catalytic matrix.

Catalytic Matrix F

[0070] An example illustrating preparation of a cata-

lytk: matrix comprising a mixed single-site Group 4 cat-

alyst of the present invention, a catalytic matrix contain-

ing a mixture of transition metal catalysts useful for the

polymerization and copolymerization of ethylene. All

manipulations were periomied in a glove box under a

water free and inert, argon atmosphere.

[0071] To 0.15 g of the olefin-based polymerk; mate-

rial from Example 1 was added 3 ml of toluene. This ma-

'

terial was allowed.to swell in toluene for 60 minutes.

Next, a dari( orange oil produced from the reaction of

0.006 g of biscyclopentadienyl zirconium dimethyl in 1

ml of toluene with 0.02 g of N,N-dlmethylanilinium tetra

(pentafturophenyl) borate and a dark orange oil pro-

duced from the reaction of 0.008 g of [t-Butylamido)(te- •

tramethylcyclopentadienyi)-dimethytsilane]titanium

dimethyl in 1 ml of toluene with 0.02 g of N,N-dlmethyl-

anilinium tetra(pentafluorophenyl) borate were mixed

together and added to the toluene swollen olefin con-

taining material. The orange oil quickly reacted with the

EXAMPLE 7

Catalytic Matrix E
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material resulting in a light orange product and a color-

less toluene solution. After mixing for 45 minutes, the

material was filtered and washed with 10 ml of toluene

followed by 2 X 20 ml of diy oxygen free heptane. The
beige productwas dried under vacuum yielding 0.166 g
of catalytic matrix. This product contained a calculated

0.13 mmol of Zr per gram and 0.13 mmol of Tl per gram

of catalytic matrix.

EXAMPLE 9

Catalytic Matrix G

[0072] An example illustrating preparation of a multi-

site catalytic matrix of the Ziegler-Natta type of the

present invention useful for the polymerization and co-

polymerization of ethylene. Ail manipulations were per-

fomned in a glove box underawaterfree and inert, argon

atmosphere.

[0073] To 0.350 g of the olefinic material from Exam-

ple 1 was added 5 ml of tetrahydrofuran. The material

was allowed to swell in tetrahydrofuran for 30 minutes.

Next. 0.22 mL of a 2.0M solution of EtMgCl in diethyl

etherwas added to the swollen olefinic material and the

mixture allowed to mix for 3 days. Then 0.07 mL of a

neat TICI4 solution was added and a color change from

tan to gray) along with an exothemriic.reaction were not-

ed. After mixing for 24 hours, the material was filtered

and washed with 2 x 20 ml of dry oxygen free heptane

to yield 0.300 g of a gray catalytic matrix.

EXAMPLE 10

Catalytic Matrix H

[0074] An example illustrating preparation of a cata-

lytic matrix of the present invention comprising a specific

single-site catalyst, further comprising a single cy-

clopentadienyl ligand system useful for the polymeriza-

tion and copolymerization of styrene. All manipulations

were perfonned in a glove box under a water free and

inert, argon atmosphere.

[0075] To 0.201 g of the olefinic material from Exam-

ple I was added 5 ml of toluene. The material was al-

lowed to swell in toluene for 90 minutes. Next, a daric

orange brown oil produced from the reaction of 0.015 g
of pentamethylcyclopentadienyl titanium trimethyl in 2

ml of toluene with 0.060 g of trityl tetra(pentafluorophe-

nyl) borate was added to the toluene swollen olefin con-

taining material. The oil quickly reacted with the material

resulting in a brown product and a light yellow toluene

solution. After mixing for 45 minutes, the material was
filtered and washed with 1 0 ml of toluene followed by 2

X 20 ml of dry oxygen free heptane to yield 0.225 g of a

brown catalytic matrix with a calculated 0.25 mmol Ti

per gram of catalytic matrix.

EXAMPLE 11

Catalytic Matrix 1

5 [0076] An example illustrating preparation of a cata-

lytic matrix comprising a specific Group 4 catalyst of the

present invention useful for the polymerization and co-

polymerization of ethylene. All manipulations were per-

formed in a glove box under a dry and inert, argon at-

10 mosphere.

To 0.1 00 g of the olefinic material from Example 2 was
added 2 ml of toluene. Next, a dark orange oil produced

from the reaction of 0.008 g of biscyclopentadienyl zir-

conium dimethyl in 1 mi of toluene with 0.024 g of N,N-
is dimethyianiiinium tetra(pentafluorophenyl)borate was

added to the toluene swollen olefin containing material.

The oil quickly reacted with the material resulting in a

light orange product and a coloriess toluene solution.

After mixing for 45 minutes, the material was filtered and
20 washed with 10 ml of toluene followed by 2 x 20 ml of

dry oxygen free heptane. A beige product resulted from

filtration and was dried under vacuum, yielding 0.072 g
of catalytic matrix. This product contained a calculated

0.24 mmol of 2r per gram of catalytic matrix.

25

EXAMPLE 12

Ethylene Homopolymerlzatlon

30 [0077] An example illustrating an ethylene polymeri-

zation process using a speclfk; catalytic matrix of the

present invention.

[0078] Polymerization was perfonned in the sluny-

phase in a 600 mL autoclave reactor equipped with a
35 mechanical stirrer, a thennocouple for temperature

monitoring, a water cooling loop for temperature control

and a regulated supply of purified ethylene. An external

. water bath was used for attaining reaction temperature,

in a glove box, 300 mL of dry heptane, 1.0 mL of 1M
^ triisobutyl aluminum in hexane as a scavenger and

0.050 of catalytic matrix A were added to the reactor.

The reactorwas sealed and removed from the glove box

and placed in the 60''C water bath until 60 ''C was at-

tained. The reactor was then charged with 80 psig of

^5 ethylene at 60 **C and the polymerization started. The
polymerization was continued for 30 minutes while

maintaining the reaction vessel within 3 ^'C of 60 ""C and

80 psig ethylene pressure by a constant ethylene feed.

The reaction was stopped by rapid cooling and venting.

90 Twenty nine grams of spherical, free flowing polyethyl-

ene with a particle size of between 200 and 500 microns

was recovered. The polyethylene had a weight average

molecular weight of 1 88,500, a molecular weight distri-

bution of 3.4 and a melting point (DSC-IOC/min.) of

ss ^37'*C. The polymerization activity was calculated by di-

viding the yield of polymer by the total number of milll-

moles of transition metal catalyst contained in the cata-

lyst charge by the time in hours and by the absolute

15
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monomer pressure in atmospheres yielding an activity

value of 790 g PE/himot catalyst-hr-atm.

EXAMPLE 13

Ethylene Homopolymerization

[0079] An example Illustrating an ethylene polymeri-

zation process using a specific catalytic matrix of the

present invention.

[0080] Polymerization was perfomied in the slunry-

phase in a 600 mL autoclave reactor equipped with a

mechanical stin-er, a thermocouple for temperature

monitoring, a water cooling loop for temperature control

and a regulated supply of purified ethylene. An external

water bath was used for attaining reaction temperature.

In a glove box, 300 mL of dry heptane, 1.0 mL of 1M
triisobutyl aluminum in hexane as a scavenger and

0.040 of catalytic matrix B were added to the reactor

The reactorwas sealed and removed from the glove box

and placed in the 60 ''C water bath until 60 ''C was at-

tained. The reactor was then charged with 80 psig of

ethylene at 60°C and the polymerization started. The
polymerization was continued for 30 minutes while

maintaining the reaction vessel within 3 ^'C of 60 and

80 psig ethylene pressure by constant ethylene feed.

The reaction was stopped by rapid cooling and venting.

The spherical, free flowing polyethylene had a weight

average molecular weight of 924,200 a molecular

weight distribution of 4.7 and a melting point (DSC-1 00/

min.)of 141 »C.

EXAMPLE 14

Ethylene Copolymerization

[0081] An example Illustrating copolymerization of

ethylene with 1 -hexene using a specific catalytic matrix

of the present invention.

Polymerization was perfonned in the slurry-phase in a

600 mL autoclave reactor equipped with a mechanical

stirrer, a thermocouple for temperature monitoring, a

water cooling loop for temperature control and a regu-

lated supply of purified ethylene. An external water bath

was used for attaining reaction temperature. In a glove

box, 300 mL of dry heptane, 1.0 mL of 1M triisobutyl

aluminum in hexane as a scavenger and 0.052 of cata-

lytic matrix B were added to the reactor. The reactorwas

sealed and removed from the glove box and placed in

the 70^*0 water bath until 70°C was attained. The reactor

was then charged with 80 psig of ethylene and 5 grams

of 1 -hexene at 70**C and the polymerization started. The

polymerization was continued for 30 minutes while

maintaining the reaction vessel within 5" C of 70*^0 and

80 psig ethylene pressure by constant ethylene feed.

The reaction was stopped by rapid cooling and venting.

9.6 grams of spherical polymer were recovered. The

spherical, free flowing polymer had a weight average

molecular weight of 233,600, a molecular weight distri-

bution of 4.36 and a melting point (DSC-1 O^'C/hiin.) of

119' C.

5 EXAMPLE 15

Ethylene Copolymerization

[0082] An example Illustrating copolymerization of

10 ethylene with 1-hexene using a specific catalytic matrix

of the present invention.

[0083] Polymerization was perfonmed in the slurry-

phase in a 600 mL autoclave reactor equipped with a

mechanical stirrer, a themiocouple for temperature

15 monitoring, a water cooling loop for temperature control

and a regulated supply of purified ethylene. An external

water bath was used for attaining reaction temperature.

In a glove box, 300 mL of dry heptane, 1.0 mL of 1M
triisobutyl aluminum in hexane as a scavenger and

20 0.050 of catalytic matrix C were added to the reactor.

The reactorwas sealed and removed from the glove box

and placed in the 60«C water bath until 60°C was at-

tained. The reactor was then charged with 80 psig of

ethylene and 1 0 grams of 1 -hexene at 60*C and the po-

25 lymerization started. The polymerization was continued

for 30 minutes while maintaining the reaction vessel

within 3*^0 of 60*'C and 80 psig ethylene pressure by

constant ethylene feed. The reaction was stopped by

rapid cooling and venting. The spherical, free flowing

30 polymer had a weight average molecular weight of

131,900 a molecular weight distribution of 3.36 and a

melting point (DSC-1 OC/min.) of 119.6** C.

EXAMPLE 16

35

Ethylene Homopolymerization

[0084] An example illustrating the polymerization of

ethylene using a specific catalytic matrix of the present

<o invention.

EXAMPLE 17

Ethylene Homopolymerization
45

[0085] An example illustrating the polymerization of

ethylene using a specific catalytic hiatrix of the present

invention.

[0086] Polymerization was perfonmed in the slurry-

50 phase in a 600 mL autoclave reactor equipped with a

mechanical stirrer, a thenmocouple for temperature

monitoring, a water cooling loop for temperature control

and a regulated supply of purified ethylene. An external

water bath was used for attaining reaction temperature.

55 In a glove box, 300 mL of dry heptane, 1.0 mL of 1M
triisobutyl aluminum In hexane as a scavenger and
0.048 of catalytic matrix C were added to the reactor.

The reactorwas sealed and removed from the giove box

13
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and placed in the 60''C water bath until 60 *'C was at-

tained. The reactor was then charged with 80 psig of

ethylene at eo^'C and the polynnerization started. The
polymerization was continued for 30 minutes while

maintaining the reaction vessel within 3 ''C of 60 ''C and 5

80 psig ethylene pressure by constant ethylene feed.

The reaction was stopped by rapid cooling and venting.

The spherical, free flowing polyethylene produced had

a melting point (DSC-10oC/hfiln.) of 136''C.

EXAMPLE 18

Ethylene Homopolymerization

[0087] An example illustrating the polymerization of

ethylene using a specific catalytic matrix of the present

invention.

[0088] Polymerization was perfomied In the sluny-

phase in a 600 mL autoclave reactor equipped with a

mechanical stin'er, a themiocouple for temperature

monitoring, a water cooling loop for temperature control

and a regulated supply of purified ethylene. An external

water bath was used for attaining reaction temperature.

In a glove box, 300 mL of dry heptane, 1.0 ml of 1M
triisobutyl aluminum In hexane as a scavenger and

0.050 of catalytic matrix G were added to the reactor.

The reactorwas sealed and removed from the glove box

and placed in the 60 ''C water bath until 60 °C was at-

tained. The reactor was then charged with 80 psig of

ethylene at 60 *C and the polymerization started. The
polymerization was continued for 30 minutes while

maintaining the reaction vessel within 3 ^'C of 60 ''C and

80 psig ethylene pressure by constant ethylene feed.

The reaction was stopped by rapid cooling and venting.

The spherical, free flowing polyethylene produced had

a weight average molecular weight of 757,600, a mo-

lecular weight distribution of 3.14 and a melting point

(DSC-10»C/min.) of 141.5*» C.

EXAMPLE 19

Ethylene Homopolymerization

[0089] An example illustrating the polymerization of

ethylene using a specific catalytic matrix of the present

invention.

[0090] Polymerization was performed in the slurry-

phase in a 600 mL autoclave reactor equipped with a

mechanical stinger, a themiocouple for temperature

monitoring, a water cooling loop for temperature control

and a regulated supply of purified ethylene. An external

water bath was used for attaining reaction temperature.

In a glove box, 300 mL of dry heptane, 1 .0 mL of 1M
triisobutyl aluminum in hexane as a scavenger and

0.048 of catalytic matrix F were added to the reactor.

The reactorwas sealed and removed from the glove box
and placed in the 60 *'C water bath until 60 was at-

tained. The reactor was then charged with 80 psig of

ethylene at 60 *'C and the polymerization started. The
polymerization was continued for 30 minutes while

maintaining the reaction vessel within 3 "C of 60 ^'C and

80 psig ethylene pressure by constant ethylene feed.

The reaction was stopped by rapid cooling and venting.

The spherical, free flowing polyethylene produced had

a weight average molecular weight of 219,400, a mo-
lecular weight distribution of 2.39 and a melting point

(DSC-IO-C/mln.jof ISe** C.

EXAMPLE 20

Ethylene Homopolymerization

[0091] An example Illustrating an ethylene polymeri-.

zation process using a specific catalytic matrix of the

present invention.

[0092] Polymerization was performed in the slurry-

phase in a 600 mL autoclave reactor equipped with a
mechanical stin-er, a thennocouple for temperature

monitoring, a water cooling loop for temperature control

and a regulated supply of purified ethylene. An external

water bath was used for attaining reaction temperature.

In a glove box, 300 mL of dry heptane, 1.0 mL of 1M
triisobutyl aluminum In hexane as a scavenger and
0.050 of catalytic matrix I were added to the reactor. The
reactorwas sealed and removed from the glove box and
placed in the eo^'C water bath until 60 was attained.

The reactor was then charged with 80 psig of ethylene

at 60 ""C and the polymerization started. The polymeri-

zation was continued for 30 minutes while maintaining

the reaction vessel within 3 ''C of 60 *C and 80 psig eth-

ylene pressure by constant ethylene feed. The reaction

was stopped by rapid cooling and venting. The spheri-

cal, free flowing polyethylene had a melting point (DSC-
10«C/hiin.)of 137»C.

EXAMPLE 21

[0093] An example illustrating polymerization of pro-

pylene using a specific catalytic matrix of the present

Invention.

[0094] Polymerization was performed in the slurry-

phase in a 600 mL autoclave reactor equipped with a
mechanical stirrer, a thermocouple for temperature

monitoring, a water cooling loop for temperature control

and a regulated supply of purified propylene. An exter-

nal water bath' was used for attaining reaction tempera-

ture. In a glove box, 1.0 mL of 1M triisobutyl aluminum
In hexane as a scavenger and 0.050 of catalytic matrix

D were added to the reactor. The reactor was then

charged with approximately 100 ml of liquid propylene,

charged with 250 psig of argon placed in a SO^'C water

bath until 50 ''C was attained and the polymerization

started. The polymerization was continued for 30 min-

utes while maintaining the reaction vessel within 3 *C of

IS
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50 *'C. The reaction was stopped by rapid cooling and

venting. The granular, free flowing isotactic polypropyl-

ene had a melting point (DSC-KTC/min.) of 142''C.

EXAMPLE 20

Ethylene Homopolymerlzation

[0095] An 6xannple illustrating an ethylene polymeri-

zation process using a specific catalytic matrix of the

present invention.

[0096] The catalyst matrix was fonned in a glove box

by reacting a toluene solution containing 0.024 g of Kra-

ton D1102 (a styrene/butadiene copolymer containing

pendant olefin groups from 1 ,2 addition) with a toluene

insoluble red oil containing 0.0062 milltmoles of CpjZr

(CH3)+B(CeF5)4'. Upon mixing the two solutions, a gold-

en yellow toluene souble solution formed. The solution

was added into a reactor containing 300 mL of dry hep-

tane. Polymerization was performed in solution-phase

in a 600 mL autoclave reactor equipped with a mechan-

ical stinrer, a thermocouple for temperature monitoring,

a water cooling loop for temperature control and a reg-

ulated supply of purified ethylene. An external water

bath was used for attaining reaction temperature. The

reactorwas sealed and removed from the glove box and

placed in the 60°C water bath until 60 ^'C was attained.

The reactor was then charged with 80 psig of ethylene

at 60 ^^C and the polymerization started. The polymeri-

zation was continued for 30 minutes while maintaining

the reaction vessel within 3 *C of 60 **C and 80 psig eth-

ylene pressure by constant ethylene feed. The reaction

was stopped by rapid cooling and venting. The granular,

free flowing polyethylene had a weight average molec-

ular weight of 263,800, a molecular weight distribution

of 2.88 and a melting point (DSC-10'amln.) of 1 38.80C.

Claims

1 . A composition comprising a matrix of one or more

catalytte components and at least one olefin-based

material, wherein the catalyst component is an or-

ganometallic complex selected from the group con-

sisting of Group 3-10 metals, non-metals, lantha-

nide metats, actinide metals and combinations

thereof; the olefin-based material further compris-

ing an organic material having a plurality of free ole-

fin groups; and wherein the matrix is fomned by re-

action of the catalytic component and the free olefin

groups of the olefin-based material.

2. The composition of claim 1, wherein the olefin-

based material is a macroporous polymer prepared

in the presence of a porogen and is selected from

the group consisting of dfvinylbenzene polymers,

divinyibenzene copolymers, styrene/divlnylben-

zene copolymers, divinyibenzene resins, cross-

iinl<ed divinyibenzene polymers, styrene/butadiene

copolymers, styrene/isoprene copolymers, vinytsl-

loxane polymers, allcylalumoxanes, alkylsiloxanes

and combinations thereof; and wherein the free ole-

5 fin groups are optionalty disposed on the surface of

the olefin-based material.

3. The composition of claim 1, wherein the olefin

based material Is prepared by incorporating a plu-

rality of free olefin groups into a solid selected from

the group consisting of silica, silica polymorphs, alu-

mina, alumina polymorphs, magnesia, magnesia

polymorphs, siloxanes, alumoxanes, allcylalumox-

anes, alkylsiloxanes, aluminosilicates, clays, zee-

's tites and combinations thereof; the olefin-based

material optionally having the free olefin groups dis-

posed on the surface of the solid.

4. The composition of claim 1 , wherein the catalytic

20 component is selected from the group consisting of

olefin polymerization catalysts, Ziegler-Natta cata-

lysts, metallocene complexes of Group 3-10 met-

als, metallocene complexes of non-metals, metal-

locene complexes of lanthanide metals, metal-

25 locene complexes of actinide metals, single-site

catalysts, single site metallocene catalysts, and

connbinations thereof; and wherein the matrix fur-

ther comprises a plurality of catalytic components,

at least one activatorcomponent and Is used for po-

30 lymerizing at least one olefin monomer selected

from the group consisting of unbranched aliphatic

olefins having from 2 to 12 carbon atoms, branched

aliphatic olefins having from 4 to 12 carbon atoms^

unbranched and branched aliphatic a-olefins hav-

35 ing from 2 to 12 carbon atoms, conjugated olefins

having 4 to 1 2 cari^on atoms, aromatic olefins hav-

ing from 8 to 20 cartsons, unbranched and branched

cycloolefins having 3 to 12 carbon atoms, un-

branched and branched acetylenes having 2 to 12

40 carbon atoms, and combinations thereof..

5. The composition of claim 1 , wherein the matrix is

represented by a formula [Cp^Cp^MRxL}^ [NCAf,

wherein M Is a Group 4 metal, Cp^ is a substituted

45 or non-substituted cyclopentadienyl ring and Cp2 is

the same or different, substituted or non-substituted

cyclopentadienyl ring and may be bridged symmet-

rically or asymmetrically to Cp^ R Is hydride, alkyl.

silyt. germyl or an aryl group, x is an integer equal

50 to 0 or 1 , L is an olefin-based material and NCA is

a non-coordinating anion; orthe matrix is represent-

ed by a fomnula [CpiCp2MRl+ [NCA]*, wherein M is

a Group 4 metal. Cp^ is a substituted or non-sub-

stituted cyclopentadienyl ring and Cp^ is the same
S5 or different, substituted or non-substituted cy-

clopentadienyl ring and may be bridged symmetri-

cally or asymmetrically to Cp\ R is a hydrocarbyl

group derived from the hydrozirconation of an ole-

15
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fin-based material and NCA is a non-coordinating

anion; or the matrix is represented by a fonnula

[CpiMRxL]+ [NCA]-, wherein M is a Group 4 or 6

metal, Cpi is a substituted or non-substituted cy-

clopentadienyl ring, R Is a hydride, alkyi, silyl, ger-

myl or an aryl group, x is an integer ranging from 0

to 6, L Is an oletin-based material and NCA is a non-

coordinating anion; or the matrix is represented by

aformula [(Multidentate) I^R^L]-^ [NCA]-, wherein M
is a Group 4 or 6 or 8 or 9 or 1 0 metai, R is hydride,

allcyl, silyl, gemiyl, aryl, hallde or alkoxide group, x

is an Integer equal to 0, 1 or 2, multidenate is a bi-

dentate, tridentate ortetradentate ligand containing

nitrogen, sulfur, phosphorus and / or oxygen as co-

ordinating atoms to the metal, L is an olefin-based

material and NCA is a non-coordinating anion; or

the matrix is represented by a fonmula (Multiden-

tate) M R^L, wherein M Is a Group 4 or 6 or 8 or 9 or

10 metal, R is hydride, alkyi, silyl, germyl, aryl, hal-

lde or alkoxide group, x is an integer equal to 0, 1

or 2, multidenate Is a bidentate, tridentate or tet-

radentate ligand containing nitrogen, sulfur, phos-

phorus and / or oxygen as coordinating atoms to the

metal and L is an olefin-based material; or the ma-

trix Is represented by a formula (Cp\{C}p^yMHjL+

[NCA]*, wherein M is a lanthanide or an actinide

metal, R is hydride, alkyi, silyl, gerniyl, aryl, hallde,

alkoxide, amide or solvent ligand, R may also be a

bidentate ligand containing nitrogen, sulfur, phos-

phorus and / or oxygen, x » 0-2, y 0-2, L is an

olefin-based material and NCA is a non-coordinat-

ing anion.

6. The composition of claim 1 , wherein the matrix Is

prepared from olefin-based materials having parti-

cle diameters ranging from 5 nm to 1000 ^m.

7. An olefin polymerization process that comprises the

steps of contacting at least one olefin monomer and
a composition comprising a matrix of one or more

catalytk; components and at least one olefin-based

material, wherein the catalyst component Is Is an

organometaiilc complex selected from the group

consisting of Group 3-10 metals, non-metals, lan-

thanide metals, actinide metals and combinations

thereof, the olefin-based material further compris-

ing an organic material having a plurality of free ole-

fin groups and wherein the matrix is formed by re-

action of the catalytic component and the free olefin

groups of the oelfin-based material; and polymeriz-

ing the olefin monomer to produce a polyolefln.

8. The process according to claim 7, wherein the olefin

monomer is selected from the group consisting of

unbranched aliphatic olefins having from 2 to 12

caridon atoms, branched aliphatic olefins having

from 4 to 12 carison atoms, unbranched and

branched aliphatic a-oleflns having from2 to 12 car-

bon atoms, conjugated olefins having 4 to 12 car-

bon atoms, aromatic olefins having from 8 to 20 car-

bons, unbranched and branched cycloolefins hav-

ing 3 to 12 carison atoms, unbranched and

5 branched acetylenes having 2 to 1 2 carbon atoms,

and combinations thereof; and wherein the olefin

monomer is a polar olefin monomer having from 2

to 12 carison atoms and at least one atom selected

from the group consisting of O, N, B, Al, S, P, Si, F.

10 ci, Br and combinations thereof.

9. The process according to claim 7, wherein the olefin

monomer is selected from the group consisting of

ethylene, propene, 1-butene, 1-hexene, butadiene.

IS styrene, alphamethyistyrene, cyclopentene, cy-

clohexene,cyclohexad}ene, norbomene, nori^oma-

diene, cyclooctadiene, divinylbenzene, trivtnylben-

zene, acetylene, diacetylene, alkynylbenzene, di-

alkynylbenzene, ethytene/1 -butene, ethylene/lso-

20 prene, ethylene/1 -hexene, ethylene/1 -octene. eth-

ylene/cyclopentene, ethyiene/cyclohexene, ethyl-

ene/butadiene, ethylene/hexadiene, ethylene/sty-

rene, ethylene/acetylene, propene/1 -butene, pro-

pene/styrene, propane/butadiene, propene/

25 1 ,6-hexadiene, propene/acetylene, ethylene/pro-

pene/1 -butene, ethylene/propene/1 -hexene, ethyl-

ene/propene/1 -octene, and combinations thereof.

10. The process according to claim 7, wherein the po-

30 lymerization is selected from the group consisting

of a copolymerization of ethylene and higher o-ole-

fins, a copolymerization of propene and higher o-

olefins, and a copolymerization of styrene and high-

er a-olefins.

35

1 1 . The process according to claim 7, wherein the poly-

olefln produced is selected from the group consist-

ing of HOPE, LOPE, LLDPE, polyolefins incorporat-

ing a plurality of olefin monomers, polyolefins incor-

40 porating a-olefins, copolymers of ethylene and a-

olefins selected from the group consisting of

1-butene, 1-hexene and 1 -octene, stereospecifto

polyolefins, stereoregular polyolefins, and polyole-

fins having stereospeclfic structures selected from

45 the group consisting of atactic, isotactic, syndiotac-

tic, hemi-lsotactic and stereoregular blocks and

combinations thereof.

12. The process according to claim 7, wherein a poly-

pe olefin parttele essentially retains the shape of a pre-

pared matrix parttele.

13. The process according to claim 7, wherein the cat-

alytic component is selected from the group consist-

55 ing of olefin polymerization catalysts, Zlegier-Natta

catalysts, metallocene complexes of Group 3-10

metals, metallocene complexes of non-metals,

metallocene complexes of lanthanide metals, met-
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allocene complexes of actinide metats, single-site

catalysts, single site metallocene catalyst and com-

binations thereof; wherein the matrix further com-

prises a plurality of catalytic components and at

least one activatorcomponent; and wherein the ma«

trix is represented by a fonnula [Cp^Cp2MRxLl+

[NCA]~ , wherein M is a Group 4 metal, Cp^ is a sub-

stituted or non-substituted cyclopentadienyl ring

and Cp2 is the same or different, substituted or non-

substituted cyclopentadienyl ring and may be

bridged symmetrically or asymmetrically to Cp^ R
Is hydride, alkyi, silyl, germy! or an aryl group, x is

an integer equal to 0 or 1 , L is an olefin-based ma-

terial and NCA is a non-coordinating anion; or the

matrix is represented by a fonnula [CpiCp2MR]+

[NCA]-, wherein M is a Group 4 metal, Cp^ Is a sub-

stituted or non-substituted cyclopentadienyl ring

and Cp2 is the same or different, substituted or non-

substituted cyclopentadienyl ring and may be

bridged symmetrically or asymmetrically to Cp^ R
Is a hydrocarfayl group derived from the hydrozlrco-

nation of an olefin-based material and NCA is a non-

coordinating anion; or the matrix is represented by

afomnula [CpiMRjjL]+ [NCA]', wherein M is a Group

4 or 6 metal. Cp^ is a substituted or non-substituted

cyclopentadienyl ring, R is a hydride, alkyi, silyl, ger-

myl or an aryl group, x is an integer ranging from 0

to 6, L is an olefin-based material and NCA is a non-

coordinating anion; or the matrix is represented by

afomnula [(l^ultidentate) MHJiV [NCAr, wherein M
is a Group 4 or 6 or 8 or 9 or 10 metal, R is hydride,

alkyi, silyl, gemiyl, aryl, hallde or alkoxide group, x

is an integer equal to 0, 1 or 2, multidenate is a bi-

dentate, tridentate or tetradentate Itgand containing

nitrogen, sulfur, phosphorus and / or oxygen as co-

ordinating atoms to the metal, L Is an olefin-based

material and NCA is a non-coordinating anion; or

the matrix Is represented by a fonnula (Multiden-

tate) MR^L, wherein M is a Group 4 or 6 or 8 or 9 or

10 metal, R is hydride, alkyi, silyl, gerniyl, aryl, hal-

ide or alkoxide group, x is an integer equal to 0,

1

or 2, multidenate is a bidentate, tridentate or tet-

radentate ligand containing nitrogen, sulfur, phos-

phorus and / or oxygen as coordinating atoms to the

metal and L is an olefin-based material; or the ma-

trix is represented by a formula {Cp\{Cp^yhARjL+

[NCA]*, wherein M is a lanthanide or an actinide

metal, R is hydride, alkyi, silyl, gemnyl, aryl, halide,

alkoxide, amide or solvent ligand, R may also be a

bidentate ligand containing nitrogen, sulfur, phos-

phorus and / or oxygen, x = 0-2, y = 0-2, L is an

olefin-based material and NCA Is a non-coordinat-

ing anion.

1 4. The process according to claim 7, wherein the poly-

olefin is prepared in a reactor system selected from

the group consisting of gas phase reactors, sluny

phase reactors and solution phase reactors and

combinations thereof.

15. A coating process comprising depositing the matrix

of claim 1 on a substrate and polymerizing olefin

5 monomer to produce a potyolefin coated surface,

object or particulate.

16. The process according to claim 15, wherein the

substrate is selected from the group consisting of

10 clays, micas, silicates, metals, polymer patteles,

non-metal oxides, organometallic oxides and inor-

ganic oxides.

17. A process for preparing a composite of substrate

IS and polyolefin in-situ using the matrix of claim 1 In

combination with at least one substrate.

18. A process according to claim 17, wherein the sub-

strate is selected from the group consisting of clays,

20 micas, silicates, metals, polymer particles, non-

metal oxides, organometallic oxides and inorganic

oxides.

19. A process according to clairn 1 7, wherein polyolefin

25 properties are modified.

20. A process for the production of hydrophobically

modified partbles in the form of spheres, surfaces

and objects in which the catalytic matrix is disposed

30 on the surfaces thereof.

40

45

so
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